Environmental Impact Study of a Power Plant with Carbon Capture and Storage near the UK Coast  by Hill, T A et al.
Available online at www.sciencedirect.com
   
 
Energy  Procedia  00 (2008) 000–000 
 
Energy 
Procedia 
 
www.elsevier.com/locate/XXX
 
GHGT-9 
Environmental Impact Study of a Power Plant with Carbon Capture 
and Storage near the UK Coast 
Dr T A Hill*, Dr M-J Booth, Mr C Dorren, Ms S M Stiff and W Hull 
E.ON Engineering, Ratcliffe-on-Soar, Nottingham, UK 
 
Elsevier use only: Received date here; revised date here; accepted date here 
Abstract 
This paper reports the results of an environmental impact assessment (EIA) of a hypothetical 400 MWe IGCC power plant fitted 
with CO2 capture technology and includes the transportation of CO2 via a high pressure pipeline to a geological formation under 
the North Sea and subsequent storage.  The emphasis has been on assessing environmental impacts from those features which are 
specific to the Carbon Capture and Storage (CCS) technology and includes an appraisal of the current adequacy of information to 
enable EIAs for the power plant, transportation and storage components to be undertaken. 
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1. Introduction 
This study looks at a hypothetical IGCC power plant with CO2 capture technology at Killingholme, UK, and investigates the 
impacts on the environment of the complete facility.  This study follows the methodology for Environmental Impact Assessment 
(EIA) required in the UK and investigates an approach to determine the environmental acceptability of a Carbon Capture and 
Storage (CCS) project that is both realistic and consistent with existing industrial practice.  
 
The bulk of the study was conducted as part of the EU Framework 6 project DYNAMIS: Towards Hydrogen and Electricity 
Production with Carbon Dioxide Capture and Storage.  This study is one of four case studies performed within DYNAMIS 
which are designed to look at CCS EIAs for a variety of technologies and storage locations. 
 
In January 2008 the European Commission published a proposal for a Directive on the geological storage of carbon dioxide
 
and an accompanying impact assessment, referred to as CCSD within this paper [1].  The draft Directive establishes a legal 
framework to prevent or reduce the negative environmental effects and risks to human health arising from the geological storage 
of carbon dioxide.  The Directive is heavily influenced by the OSPAR [2] and London Protocol [3] amendments.  The CCSD 
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does much to remove prohibitions on CCS which exist under current EU legislation.  In particular, existing EU waste and ground 
water Directives will be amended to permit the injection of carbon dioxide into storage sites, and an existing Directive covering 
the assessment of the environmental impact of certain projects will be extended to cover the environmental impact of capture, 
pipeline transport and storage. 
 
The objective of this study has been to gain experience of CCS EIAs and to contribute to understanding of the CCS EIA 
process, identifying gaps in knowledge. 
 
2. Description of CCS Project 
 
Figure 1 - Location of power plant. 
The hypothetical power station site is located in Killingholme in the North East Midlands area of the UK, see figure 1.  
 
The IGCC power station has an electrical output of about 400 MWe with the ability to abstract approximately 40–50 MWth of 
hydrogen.  It comprises of a gasifier; an air separator unit; a shift reactor; an acid gas removal stage and a sulphur recovery unit; a 
gas turbine; a waste heat recovery boiler; and a steam turbine.  Various processes clean the synthesis gas prior to combustion to 
reduce the final emissions and a physical absorption process known as the Rectisol system is used to capture 90% of CO2 pre-
combustion and transport it via a pipe-line to a storage site in the Southern North Sea.  The principal fuel is assumed to be coal.  
The pipe-line is designed to carry 2.2 Mt CO2 per annum based on a 35% cycle efficiency at the Killingholme site.  The CO2 
stream will be transported under pressure leaving the site at approximately 140 mbar.  The CO2 will be injected into a deep saline 
formation under the North Sea a figure 1. 
 
3. Scope of Study 
The major emissions to air and water from the IGCC plant were identified.  In addition, potential routes for disposal of 
emissions and re-use of by-products were considered. 
 
The activities and associated impacts that were considered in the Dynamis Environmental Study are shown in table 1.  This is 
not a comprehensive list of all topics covered in an EIA but covers those which CCS may contribute something new.  
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Table 1 - Environmental impacts relevant to an IGCC-CCS project in the UK 
 
Impact Power & Capture Plant Transport through  pipe-line Storage in underground, off-shore 
Biodiversity   Effect of CO2 leakage on marine ecosystem 
Raw materials, resources and water 
use 
Process and cooling 
water use 
  
Visual impact Impact of installation 
(e.g. stack) including its 
surroundings 
  
Gaseous emissions CO2, NOx, SOx, 
hydrocarbons, PM, 
VOCs and heavy metals 
Leakages/blow off in case 
of emergencies 
Leakages of CO2 from installation (leakage 
rates) 
Waste management Solid waste handling of 
ash, slag and sulphur. 
Quality and quantity of 
waste flows 
  
Noise, light and odour nuisance - Noise zoning - Noise emissions 
surrounding compression 
station 
- Noise emissions surrounding injection 
station 
Soil/seabed disruption   - Induced seismicity 
- Drilling during construction 
Soil/seabed disruption  Leakage of CO2 to soil i.e. 
mobilisation of heavy 
metals/acidifcation 
Leakage of CO2 to seabed i.e. mobilisation 
of heavy metals/acidifcation 
Groundwater and surface water 
contamination/disruption 
- Cooling water 
discharge 
- Contamination in 
receiving waters 
- Leakage of CO2 to water Leakage of CO2 to water leading to 
acidification and effects on marine 
ecosystem 
 
4. Emissions 
Figure 2 shows a diagrammatic representation of the IGCC process, indicating main emissions. 
 
Waste water treatment is needed to remove suspended solids, trace metals, ammonia, halides and anionic species mainly 
associated with gas cooling and slag quenching processes.  Gasification blowdown water is likely to have a fairly high dissolved 
salt content making it unsuitable for discharge if Killingholme were an inland site.  However, provided that the wastewater 
treatment plant performs satisfactorily, there is unlikely to be any reason why discharge to the Humber estuary would not be 
permitted.  The available data indicates that chloride concentrations of between 1,000-7,000 mg/l may be expected in the treated 
gasifier effluent which compares favourably with that of the Humber Estuary of between 16,900 mg/l at low water slack and 
11,300 mg/l at high water slack. 
 
The production of fly ash is minimised by conversion of the ash in the gasifier into solid, vitreous slag which is chemically 
inert and should be able to be marketed for road construction and concrete aggregate purpose. 
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Figure 2 Diagrammatic representation of the IGCC process including principal emissions.  
In the clarification/precipitation waste water treatment steps some sludge will be produced.  Whilst this sludge has the 
potential to be classified as either hazardous or non-hazardous waste it has been classified as hazardous waste at other IGCC 
installations (e.g. Buggenum) due to selenium content.  Several thousand tonnes of this may be produced per year. In terms of 
composition it is not dissimilar to the sludges derived from the Flue Gas Desulpherization (FGD) plant.  These are often refired 
in the boiler therefore it may be possible to return this stream to the gasifier for disposal.  However, whilst the Waste Incineration 
Directive is not triggered by these activities on conventional coal plant equipped with FGD it may be necessary to negotiate with 
the Environment Agency (EA) to see that the same outcome is possible in IGCC.  The concentrations of soluble salts in the 
sludge are not likely to have any special implications for the category of landfill site, as both non-hazardous and hazardous 
landfills require leachate control systems. 
 
A comparison was made of the emissions to air expected from the Killingholme project compared to other non-CCS power 
plant technologies, table 2.  It can be seen that, in general, IGCC plants combined with pre-combustion CO2 capture, when 
compared to existing coal fired plant, can result in a substantial reduction of gaseous emissions other than CO2. 
 
It was concluded that none of the wastes emitted from the power plant site due to the capture technology would have any 
novel environmental impact.  
 
Table 2 - Typical emissions expected from main stack HRSG compared with Large Combustion Plant Directive, Best Available 
Technology  and other coal technologies 
 
 mg/Nm3 at 15% O2 (>300MW) 
Species LCPD ELV BAT for new 
coal plantsc  
BAT for new 
CCGTc 
IGCC Pulverised fuel 
with FGDf 
Super-critical coal-fired 
plantg 
NOx 80b/120a 36-60 20-90 60-80d 200 80 
SO2 80b 8-60 - 20d 160 80 
PM 20b 2-4 - 0.02-
0.35e 
10 4 
CO - 12-20 5-100 30-70 - - 
a ELV taken for a gas turbine (>50MWth) using gaseous fuel other than natural gas 
b ELV taken for plants using solid fuels(>300MWth), c IPPC [4], d James [5],e Puertollano [6] 
f Values taken from Ratcliffe PPC, g Values taken from Kingsnorth EIS, E.ON UK 
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5. Transportation of CO2 via Pipeline 
A desktop study was undertaken to assess the environmental impact of the pipe-line route options selected to transport CO2 
captured from the Killingholme IGCC plant to an off-shore storage site located in the southern North Sea (SNS).   
 
Figure 3 presents the options under consideration for on-shore and off-shore pipe-line transport of CO2.  The options 
considered and selected for this study were based on minimising environmental impacts as well as considering the health and 
safety issues that may arise during the lifetime of the pipe-line.  The route of the pipeline was governed primarily by the 
classification of dense phase liquid or super-critical CO2 under UK regulation.  This is currently under assessment by the Health 
and Safety Executive.  It was also decided to avoid drinking water Source Protection Zones which, might otherwise trigger 
mandatory risk assessment.  The risk to groundwater of a pipeline release is largely unknown – it may be insignificant, but until 
further studies are available to demonstrate this, a precautionary approach was adopted.  It was decided that a developer would 
choose to avoid these zones (if possible).  An alternative shorter route option was considered for the on-shore pipe-line to head 
directly across the Humber Estuary after leaving the Killingholme site.  However, due to the Humber estuary being part of the 
Natura 2000 network and being designated as a Site of Special Scientific Interest SSSI it would prove much more difficult to gain 
planning permission for a new pipe-line in this area.  Therefore this alternative route was not considered further.  It is concluded 
that CO2 pipeline routing is a significant issue for a power plant, with an analogy with a natural gas pipeline to supply a CCGT. 
 
An assessment was carried out of the fugitive emissions (predominantly CO2 from the pipeline) and associated impurities.  
Typical concentrations present were SO2 0%, NOx 0%, O2 + N2 + Ar 0.03-0.6%, CO 0.03-0.4%, CH4 0.01%, H2S 40 ppm, CO2 
98%.  It was concluded that the concentrations of impurities in the CO2 are insignificant in themselves to cause any 
environmental impact.  Fugitive emissions of CO2 during normal operation of the pipeline were estimated at about  
10-1000 tonnes per year, using guidance from IPCC.  This is insignificant compared to the volumes transported.  
 
 
Figure 3 - Proposed on-shore and off-shore pipe-line routes from Killingholme IGCC to the selected storage site.  Image 
generated by British Geological Survey.  Gas fields and infrastructure © Departmnt for Business Enterprise and 
Regulatory reform (BERR).  Designated areas (SAC's, SSSI's, NNR's and Ramsar sites) © Natural England.  Closed 
structures in the Bunter Sandstone © Natural Environment Research Council NERC (Britsh Geological Survey). 
6. EIA of an Offshore Site 
Information was collated on the current knowledge of ecosystems and species to be found in the North Sea area of the storage 
site and the pipeline route.  A number of sources are available and the information is reasonably comprehensive for this area e.g. 
European Environment Agency’s Europe's biodiversity, Seas around Europe: The North Sea, and the UK Joint Nature 
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Conservation Committee.  Offshore development is controlled through the designation of protected areas which are well-defined 
either at a European level or under UK legislation.   
 
The environmental impact of any new infra-structure associated with the injection of the CO2 (e.g. platforms or sub-sea  
infrastructure) was determined to be similar to that currently used by the oil and gas industry in this area of the North Sea and is 
not reported on here.  A review of the effects of such infra-structure on the marine environment was undertaken in support of this 
assessment. 
 
By definition, a CO2 storage site which has been well characterized presents a very low risk to the environment.  Leakage 
should not be expected from carefully selected, operated and monitored storage sites.  The problem for an Environmental Impact 
Assessment is to strike a balance between assuming no further impact once CO2 has been injected into the geological formation, 
and a detailed investigation into a large number of highly improbable events that would affect the environment were they to 
occur. 
 
For any storage site there are some potential mechanisms likely to be common to most geological stores.  These are: 
 
1. CO2 migration via man-made structures (boreholes, wells - operational or abandoned), injection well blow outs 
2. CO2 migration along faults (known or unknown), faults ‘opened’ by injection-induced seismicity, or boundary 
discontinuities 
3. CO2 migration through the caprock if: (1) gas pressure exceeds capillary pressure (2) discontinuous caprock due to 
complex structural geology and faulting (3) dissolution of caprock, 
4. Displacement of interstitial fluids, primarily saline formation water but would include hydrocarbons 
5. Movement  of CO2 out of a containment zone into a region in contact with an eco-system. 
 
Each storage site is, of course, going to have many site specific aspects associated with it, however, the EIA for the storage 
site should include a sufficient level of information in order to demonstrate that the environment will not be significantly 
affected, should the low probability events occur.  
 
Adopting this generic approach to the EIA enables a link to be established with the Risk Assessment based on the geological 
and reservoir models which enable the CO2 movement within the reservoir to be simulated.  This approach also saves time and 
effort and avoids an unnecessarily complex degree of analysis.  
 
This approach was then applied to the EIA of the storage site.  Because this is a desk-top study, results are purely illustrative. 
 
7. Results of CO2 Injection Modelling 
Figure 3 shows the location of the proposed storage site.  It forms part of a sequence of major structural closures 
in the SNS Bunter Sandstone.  The total capacity of this structure has been estimated as 622 Mt, Holloway and Kirk [7], and 
is known to have a number of old exploration wells. 
 
Within the Dynamis project, the suitability of the proposed formation to store CO2 was undertaken by Netherlands 
Organization for Applied Scientific Research (TNO) and Institut Français du Pétrole (IFP).  The work was supported by the 
British Geological Survey, who provided geological data available including geophysical logs, for 5 exploration wells in the 
vicinity, limited porosity and permeability data and a structure contour map of the depth to the top of the Bunter Sandstone 
reservoir.  A geological model which extended 70 km in an east-west direction and 55 km in a north-south direction (3832.5 km2 
model area) was constructed by TNO.  Across the area, the Bunter Sandstone Formation varies in thickness from 40 m to almost 
200 m.  TNO and IFP created separate reservoir models by ‘upscaling’ the geological model, using a variety of assumptions.  
 
Preliminary analysis indicated that a single injection well was sufficient – reservoir pressures did not exceed the fracture 
pressure of the cap rock, although further site specific investigation work needs to undertaken to verify this. 
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Figure 4a and figure 4b - Illustrative predicted CO2 saturation within reservoir at end of injection period, 30 years, and after 
1000 years (IFP) 
As part of the injection modelling simulations 100 Mt of carbon dioxide was injected into the reservoir over a period of 
30 years (3.3 Mt/y).  The behaviour of the CO2 within the storage reservoir was simulated up to 1000 years.   
 
Five former exploration wells are located in the vicinity of the storage formation.  No neighbouring aquifer formations used 
for drinking water supply were identified. 
 
The modelling studies were incomplete at the time of writing and therefore only preliminary results are available. However, 
figure 4 illustrates the extent of the injected CO2 plume after 1000 years.  It can be seen that the CO2 has only come into contact 
with 1 out of the 5 local exploration wells (contact first occurring after 500 years).  The CO2 has also remained within the 
boundaries of the storage site. 
 
Consideration of the potential effects of the displacement of saline formation water due to CO2 injection was not looked at in 
any detail in the modelling study, although estimates of the volume of water displaced by the CO2 were of a similar size to the 
volumes of CO2 injected. 
 
There has not been a large quantity of research done on the impact of CO2 leaks on marine species.  However, Plymouth 
Marine Laboratory, UK, has undertaken an initial assessment of the effects of large volume CO2 leakages from point sources (e.g 
pipeline rupture) and area sources (e.g. general geological failure) in the North Sea, Blackford [8].  This is restricted to a fairly 
large grid at present, and does not make predictions on a local scale below several km.  The model is supported by a programme 
of laboratory experiments on marine organisms.  However, they are able to conclude that the environmental impact on a regional 
scale from plausible scenarios of leakage of captured CO2 is minimal and significantly less than the impact of unchecked global 
CO2 emissions.  This analysis provides some evidence that CO2 emitted due to a failure in the pipeline or a well associated with 
this project would not have a significant effect on the marine environment.  However, it was identified that further work was 
needed to look at local and fine scale responses, and to quantity the response of the ecosystem to these changes, Blackford [8]. 
 
This EIA study would have further benefited from information on possible CO2 emission rates and likely duration, in the 
unlikely event that a leak via an offshore well were to occur.  However, information on emission rates for a range of reservoir 
circumstances is not available in the literature, IEAGHG [9].   
 
An EIA will normally contain a description of a monitoring plan which will provide both baseline data and a demonstration 
that the EIA has not underestimated the effect of operations on the environment.  An analysis of monitoring possibilities for the 
storage site was beyond the scope of this assessment. 
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8. Conclusions 
The Legal Framework for enabling CCS in Europe is in the final stages of development, with the expectation of an EU 
Directive on CCS being approved by early 2009.  
 
Overall, no significant differences were found between the requirements of an EIA for a CCS power project and a non-CCS 
power project as far as power plant site issues are concerned.  Likewise, an EIA for a CO2 pipeline would follow the same 
assessment methodology as for a natural gas pipeline.  However, in this case under existing UK regulation, guidance is required 
on a suitable safety classification for high pressure CO2 in order for pipeline design and pipeline routing to be undertaken.  Also, 
whilst there are unlikely to be any significant environmental issues associated with the pipeline on-shore, there is an absence of 
reference material on the environmental effects of small but sustained leaks of CO2 into the soil around a pipeline. 
 
In terms of the laying of a CO2 pipeline offshore under the North Sea, an EIA will cover the same issues as required for oil or 
gas pipelines.  The construction of injection and monitoring infra-structure will likewise not present any novel features for an 
EIA. 
 
Ecosystem and species data for the North Sea in the vicinity of the storage site were found to be reasonably comprehensive.  
There is some data available in the literature on the likely effect of CO2 on marine organisms in the North Sea, including a 
modelling study on worst case leakage rates.  A model of CO2 transport within the storage reservoir has been constructed, and no 
CO2 is predicted to move beyond the boundary storage volume over the 1000 year period modelled.  The most likely CO2 
leakage pathways that have been identified are former exploration wells or the injection well when abandoned.  It is expected that 
CO2 leakage from these sources would be very small compared to the volumes stored in the reservoir, however, no information 
was available from this study or from the literature, on emission rates, and likely duration of CO2 leaking from offshore wells.  
Such information would be useful to further demonstrate the efficiency of geological storage and low risk of ecological 
disturbance in the unlikely event that leakage occurred. 
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